We examined the response of communities of four groups of organisms (plants, snails, ants and spiders) in a small scale mosaic of 8-years mown and unmown plots in a wet meadow in Central Europe. The experimental setup consisted of 7 unmown and 8 regularly mown 4 m 2 plots in checkerboard arrangement. Eight years after the start of the experiment, the plant community structure diverged in response to mowing/nonmowing, both in species composition and structure. Both bryophyte and vascular plant species numbers were significantly higher in the mown plots. In unmown plots, bryophytes nearly disappeared and plots were dominated by the tall tussock grass Molinia caerulea. Both diversity and abundance of snails were higher in unmown plots than in mown ones. Ant nests were more abundant in mown plots and species composition differed between mown and unmown plots. We captured significantly more individuals of spiders in mown plots but we did not find any difference in species composition. We conclude that the 8-years duration of different management of 4 m 2 plots was sufficient to establish different communities in low movable organisms, whereas these plots are probably too small to host different assemblages of organisms with good active dispersal abilities.
Introduction
The majority of grasslands in Central Europe are seminatural, human-made habitats, kept open by mowing and grazing regimes, both historically and recently. It is well documented that biodiversity, and community structure and composition of a given grassland area is largely influenced by the management regime (for recent examples see Doležal et al. 2011 , Grandchamp et al. 2005 , Humbert et al. 2010 , Hyvonen and Huusela-Veistola 2011 , Marini et al. 2009 , Steffan-Dewenter and Leschke 2003 , Weiner et al. 2011 ).
In general, the diversity of higher plants in mown plots is higher than in abandoned plots (Fenner and Palmer 1998 , Gerard et al. 2008 , Huusela-Veistola and Vasarainen 2000 , Lepš 1999 ), although it decreases if mowing is too frequent (e.g., Zechmeister et al. 2003) . Mowing prevents succession, reduces competitiveness and offers opportunities for weak competitors (Scanga and Leopold 2012) .
In case of invertebrates, the situation is more complicated. Many individuals can be killed directly during mowing and mowing reduces an amount of shelters for overwintering and an amount of food supply (Humbert et al. 2009 , 2010 , Konvicka et al. 2008 , Fenner and Palmer 1998 , Dover et al. 2010 . Thus, the management can lead to the lower biodiversity of some invertebrate taxa on mown plots than in unmown (Fenner and Palmer 1998, Steffan-Dewenter and Leschke 2003) .
On the other hand, there are a couple of studies that do not support these results. The abundance and diversity of some arthropods (ants, spiders, carabids and curculionids) on road verges increased with the frequency of mowing (Noordijk et al. 2010) . The amount and diversity of ground beetles (Carabidae) was positively correlated with the intensity of management (mowing, grazing, fertilizing) in Gradchamp et al. (2005) study. Mown plots exhibited a higher diversity of Orthoptera compared to the abandoned plots (Marini et al. 2009 ). Not only the type of management but also its timing play an important role, as demonstrated by Humbert et al. (2012) . Moreover, many grassland organisms (many of them endangered) are restricted to short swards and disappear with succession (e.g., Dekoninck et al. 2007, Huusela-Veistola and Vasarainen 2000) .
Some studies suggested that the mosaic of mown and unmown plots shows the highest diversity of both plants and
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invertebrates (Balmer and Erhardt 2000 , Cizek et al. 2012 , Gathmann et al. 1994 , Kuussaari et al. 2011 , Valkó et al. 2012 . Whereas the effect of mowing varies among taxonomical groups (some groups are enhanced whereas others suppressed), the general community of organisms in the mosaic is expected to contain species from both ecological groups. Moreover, some species benefit from the possibility of easily moving between both habitats (e.g., feed in one and breed in the other).
Most of the studies cited above deal with large plots that enabled to obtain a huge amount of data. On the other hand, the differences of the biodiversity between small mown and unmown plots remain little known.
We have experimentally created a small scale mosaic of mown and unmown plots in a seminatural oligotrophic meadow, and studied the effect of 8-year management on four groups of organisms: plants (which, following phytosociological tradition included vascular plants and bryophytes), snails (Mollusca: Gastropoda), ants (Formicidae) and spiders (Araneae). All selected taxonomic groups are often used as indicators of natural value (e.g., Báldi et al. 2013 , Brandao et al. 2011 , Cremene et al. 2005 , Diamond et al. 2012 , Ellison 2012 , Peck et al. 1998 , Schwab et al. 2002 , Scohier and Dumont 2012 . Our main questions were: How the assemblages of selected organisms respond to the mowing in the small scale with respect to the structure, abundance and species composition? Are the differences less pronounced in organisms with good dispersal and vagility?
Methods

Study site and data collection
The experiment was established in an oligotrophic wet species-rich meadow 10 km southeast from České Budě-jovice, Czech Republic (48° 57' N, 14° 36' E, 510 m a.s.l.). Mean annual temperature is 7.8°C, and mean annual precipitation is 680 mm (České Budějovice Meteorological station, 9 km from the plots). The meadow (ca 1 hectare) is surrounded on three sides by forest and one side borders a field. The meadow surrounding the experiment is mown once or twice a year (late June or early July and usually also September/ October) at height 3-5 cm.
The experimental plots were established in a homogenous part of the wet meadow dominated by Molinia caerulea, other common grasses were Nardus stricta, Festuca rubra, and Holcus lanatus. The meadow was species rich, hosting over ten species of sedges (e.g., Carex panicea, C. hartmanii, C. nigra, C. pallescens, C. pilulifera) and many forb species. According to phytosociological classification, it can be characterized as Molinion caeruleae Koch 1926 with some species of the Violion caninae Schwickerath 1944.
In total, 15 experimental plots (each plot 2 m × 2 m) in checkerboard arrangement (five rows and three columns) were established in mown meadow in 2002. Eight plots were mowed once or twice a year by brush cutter with litter removal (the same management as on the rest of meadow), seven were left without mowing. The area was regularly mown before the start of the experiment. The experiment was established in a meadow with various ongoing long-term manipulative experiments (e.g., Lepš 1999, Vítová and ; the original aim of this experimental design was to get sufficient plots for traits and ecophysiological measurements of plant individuals. The plant species composition was not regularly monitored, but the area was visually homogeneous at the time of establishment, and during the years, it developed into a checkerboard of well differentiated communities. Species composition was not recorded in the plots before the experiment started in any group, but there was homogeneous vegetation and so there is no reason to expect differences in these groups of invertebrates. In particular, the checkerboard design of the experiment practically precludes any systematic differences at the start of the experiment, and so, all the differences can be unequivocally considered to be a consequence of different management.
Plants. The species composition of plants (both bryophytes and vascular plants) was recorded in June 2011 and the cover of individual species was visually estimated in each of the plots, similarly as cover of litter at the time of sampling.
Molluscs.
A 30 cm × 30 cm sample of leaf litter and top soil was taken from the centre of each plot in August 2010 to find molluscs. The material was dried out, screened using several sieves and searched carefully for empty shells and living molluscs. Molluscs were determined in the laboratory. Shells and living individuals were not distinguished.
Ants. It was searched for ant nests using a garden rake in all plots on 11.8.2010. The position of each nest in external (up to 10 cm from the habitat border) or internal area of each plot was recorded. A sample of ants (5-10 workers) from each nest was taken, preserved in 96% alcohol and determined in the laboratory.
Spiders. Spiders were collected using pitfall traps. One trap filled by water with detergent was exposed in the centre of each experimental plot for 3-4 days at approximately two weeks intervals from June to September in 2011 and from May to September in 2012. Captured spiders were preserved in 96% ethanol and determined in the laboratory. Stereomicroscope was used when it was needed for the identification.
Soil acidity was measured in 2011 due to possible impact on snails. 80 g of dry soil from each plot diluted in 200 ml of distilled water was measured using inoLAB ph/ION Level 2. It can be expected, and we have demonstrated this in concurrently running experiment at the same locality, that the soil surface temperature is higher on sunny days in the mown plots (Lepš 1999) .
Statistical analysis
Amount of litter, soil acidity and the numbers of species or colonies were compared between mown and unmown plots by two-sample t-test. The species composition was compared using Redundancy Analysis (RDA) with mowing as the only explanatory variable using the Canoco 5 package (ter Braak and Šmilauer 2012) . No standardization by species was applied. Two analyses were always performed, one with standardization by sample norm and one without. When the standardization by sample norm was applied, only the relative proportions of species were compared. With no standardization by sample, the differences might be caused either by differing total numbers (e.g., of colonies), or by different proportions of individual species (Šmilauer and Lepš 2014) . Each ordination is characterized by explained variability by the model (as we have only one binary explanatory variable, it is the explained variability by the first axis). Because this value is affected by the size of the matrix, we used also the efficiency of the first axis, i.e., the ratio of the explained variability by a constrained axis to the explained variability of the corresponding unconstrained axis -in our case it is the ratio of explained variability by the first axis of RDA to the explained variability by the first axis of corresponding PCA (Šmilauer and Lepš 2014) .
Because the species richness is dependent on the number of individuals, we also compared the rarefaction curves for molusc and spider individuals and for ant nests. We used pooled set of individuals (nests) from all the plots of each category. The equation of Hurlbert (1971) and the program Analytic Rarefaction 1.3 (http://strata.uga.edu/software/anRareReadme.html) was used.
Results
Plants
The number of both bryophyte and vascular plant species was significantly higher in the mown plots (bryophytes: t=9.61, d.f.=13, P<0.01; vascular plants: t=6.28, d.f.=13, P<0.01) (Fig. 1a,b) . The species composition was also significantly different, both with and without standardization by sample norm (Fig. 2 , Table 1 ). High efficiency of the constrained axis proves that mowing is really the determinant of plant species composition. In unmown plots, the bryophytes nearly disappeared, whereas the mown plots usually hosted several species (e.g., Rhytidiadelphus squarrosus, Pseudoscleropodium purum). In addition, most vascular species preferred mown plots, and shorter plants in particular almost disappeared from unmown plots (e.g., Valeriana dioica, Anthoxanthum odoratum, Luzula multiflora). The unmown plots were highly dominated by the tall tussock grass Molinia caerulea, and the relatively tall species, Lysimachia vulgaris also showed a preference for the unmown plots (Appendix 1). This contributed to the significantly taller vegetation of unmown plots; the dominant species Molinia caerulea reaching heights of over 1 m at the end of the season, compared to most plants in mown plots that were usually < 0.5 m. Molinia caerulea was also common in mown plots (this is why it is not among the species well fitted by the first axis of RDA, Fig.  2 ), nevertheless, due to mowing it was considerably shorted at the end of the season, and so its competitive effect was not so strong; it also did not form compact tussocks there. There was also much more litter in unmown plots (estimated cover 56% vs. 7% in mown plots, t=21.7, d.f.=13, P<0.01), consisting mostly of slowly decomposing litter of Molinia caerulea.
Molluscs
In total, 419 molluscan individuals of 11 species were found: 141 individuals in mown and 278 individuals in unmown plots. Four species were found exclusively in unmown plots (Columella aspera, Vertigo pygmaea (Draparnaud), Vitrina pellucida and Galba truncatula); the rest (seven species) were present on plots of both types. Both diversity and abundance of snails were significantly higher in unmown plots than in mown (number of species: t=-4.29, d.f.=13, P<0.01; abundance: t=-3.83, d.f.=13, P<0.01) ( Fig. 3a,b ; Appendix 1). Rarefaction of the pooled set of individuals from all plots of each treatment demonstrated that the higher number of species in unmown plots is not only consequence of higher number of individuals sampled there (Appendix 2a). Species composition was significantly different without standardization by sample norm (Fig. 4) but not with this standardization (Table 1 ). The differences cannot be caused by pH, because there was no significant difference in soil pH between experimental plots (t=0.66, d.f.=13, P>0,05). 
Ants
Seven ant species and 89 nests occurred in mown plots, whereas only four species and 31 nests occurred in unmown plots (Formica picea, Formica sanguinea and Myrmica vandeli were absent from unmown plots). The difference in numbers of ant species between both management types was not significant (t=-0.14, d.f.=13, P>0.05) (Fig. 5a ). Mown plots hosted significantly more nests than unmown plots t=3.75, d.f.=13, P<0.01) (Fig. 5b) (Appendix 1). Differences in species composition were significant (both standardized and nonstandardized, Fig. 6 ), but the differences are caused mainly by proportions of dominants. Myrmica scabrinodis was the dominant species in mown plots whereas M. ruginodis domi- Table 1 . The basic characteristics of the RDA ordination results of individual groups of organisms. Standardization -standardization by sample norm. Explained % -proportion of total variability explained by the mowing (i.e., by the first RDA axis). Efficiency -ratio of the variability explained by first RDA axis to the variability explained by the first axis of corresponding PCA. F -the pseudo-F value. P -probability obtained by the Monte Carlo permutation test. Note that only the first axis is constrained, i.e., only the first axis corresponds to the difference between mown and unmown plots. nated in unmown plots. In unmown plots, M. scabrinodis nests concentrated in peripheral areas (where nest densities were 2 nests/m 2 compared to 0,3 nest/m 2 in internal areas on average). We found no such relationships between nest densities in peripheral and internal areas in mown plots (2.1 nests/ m 2 , and 2.4 nests/m 2 respectively).
Spiders
In total, 604 spider individuals were captured. From this, 364 individuals belonging to 49 species were identified to species level: 41 species and 218 individuals were captured in mown plots whereas 36 species and 146 individuals were in traps in unmown plots (Appendix 1). There was no difference between number of species (t=1.58, d.f.=13, P>0.05) (Fig.  7a ) but there were significantly more individuals in mown plots (t=2.92, d.f.=13, P<0.05) (Fig. 7b) . Concordantly, the rarefaction suggests that after initial increase, the number of species does not increase too much with further increasing number of individuals. No difference in species composition was found both with and without standardization by sample norm.
Discussion
The effect of mowing was most pronounced in plants, and less pronounced in spiders, where only the total number of individuals changed, but neither species composition, nor species richness. The intermediate effect was found in molluscs (where both the number of individuals and species was higher in unmown plots), and ants (where the differences were mainly in relative representation of dominants) ( Table 1) .
Eight years after the start of the experiment, the plant community structure has diverged according to mowing/nonmowing treatments. This result corresponds with many vegetation studies (e.g., Lepš 1999 , at the same locality). Because another long term experiment has been running concurrently at the locality since 1994 (Lepš 1999 (Lepš , 2004 (Lepš , 2014 , containing plots under the same management, we can expect that in the present experiment, the most pronounced divergence already happened. The mowing results in changes of temperature (Lepš 1999 ) and moisture, which are directly important for the survival of many animals. Unmown plots were more heterogeneous, consisting of turfs of grasses and wet depressions among them and offering more microhabitats than rather homogenous mown plots. The amount of leaf litter was greater in unmown plots offering more food and shelters than mown plots.
Snails clearly prefer the unmown conditions, both number of individuals and number of species were significantly higher there. The fact that the standardized RDA was not significant is probably caused by the fact that the same species dominated both assemblages, which masked the effect on non-abundant species. Indeed, when the effect of dominants was diminished by log-transformation of abundances in RDA (results not shown), the differences became significant (F=2.8, P= 0.0278). An obvious evidence of the qualitative difference between mown and unmown plots is the distribution of Galba truncatula: This semiaquatic species lives on edges of permanent or temporary water bodies. It would be unexpected in homogenous mown plots that lack any especially wet places. The most important factors influencing the diversity and composition of malacofauna are chemistry and pH of substratum and moisture. In general, land snails prefer high pH and high content of calcium; additionally, most species prefer high moisture (e.g., Ložek 1956 ). According to Martin and Sommer (2004) , a snail fauna is influenced by moisture much more than pH level in meadows. In grasslands, abundance and diversity of snails seem to be maximal in abandoned and extensively managed meadows; both abundance and biodiversity decline in both earlier or later successional stages (Cremene et al. 2005) . Shortening of vegetation in meadows by mowing or grazing is known to reduce both biodiversity and total densities of molluscs, probably due to decreasing humidity (Ausden et al. 2005 , Boschi and Baur 2007 , Labaune and Magnin 2002 . In general, our data are in agreement with these papers. Our plots differed in management type but not in pH values. The fact that small patches of unmown meadow supported biodiversity of moluscs shows also how important it is to leave these unmown patches for biodiversity conservation.
There were more ant species on mown (seven species) than in unmown (four species) plots, but the difference was not significant, probably because of the low number of experimental plots. Also, the species found in mown plots only were extremely rare (Appendix 1). Thus, dominant species were the main difference between both types of plots: M. scabrinodis dominated in mown and M. ruginodis in unmown plots, although both species were present on plots of both types. The nest density of M. scabrinodis rapidly decreased from the internal areas of mown plots to internal areas of unmown plots. Probably, M. scabrinodis would be absent or nearly absent from the larger unmown plots. Similarly, M. ruginodis is very rare in the rest of mown meadow (unpublished results).
Grassland management regimes have a substantial impact on the composition and structure of ant assemblages (Lenoir 2009 , Lenoir and Lennartsson 2010 , Russel 2010 , Wynhoff et al. 2011 . Ant communities are influenced by the structure of vegetation rather than by species composition (Elmes and Wardlaw 1982 , Englisch et al. 2005 , Gallé 1975 , 1991 , Gallé et al. 1998 , Grill et al. 2008 . In Central European grassland ants, differences in optimal temperature and humidity exist even in species occupying the same locality (Elmes et al. 1998 , Elmes and Wardlaw 1983 , Seifert 2007 . Both factors highly depend on the insolation, which is affected by the height and structure of vegetation. According to Zschokke et al. (2003) , there are significant changes of temperature over a distance of few centimeters along the edge of mown-unmown plots. Our measurement (Lepš 1999) in the experiment containing the same treatments at the same locality (ca 10 m from the reported experiment) also shows higher temperatures in mown plots with other differences in temperature daily regime, which leads to the soil desiccation in mown plots. Thus, M. ruginodis was favoured in slightly cooler and M. scabrino-dis in slightly warmer sites; this pattern is well known from the literature (Elmes and Wardlaw 1983) .
In addition to the other environmental factors, the direct aggressive competition for territories and/or food resources is unique feature of ants. Interestingly, 2 m x 2 m fragments are enough to establish relatively differently structured myrmecofauna, even if the whole area of fragments is easily accessible for ants from the other biotope. Probably, it is facilitated by the low aggressivity of Myrmica. Nearly all Myrmica species are subdominant, non-aggressive species that do not defend territory nor food resources, ignore each other and are ignored by more aggressive ants (Elmes et al. 1998 , Fiedler 2001 , Seifert 2007 . Thus, interspecific relationships between Myrmica are reduced to the indirect competition mainly. Even in case of territorial and aggressive Lasius paralienus small scale fragmentation leads to differences in the nest density and distribution in L. paralienus only, not to differences in the species composition .
There was no difference in species composition between spider assemblages in mown and unmown plots. Spider community composition is affected by both physical structure and species composition of vegetation (e.g., Malumbres-Olarte et al. 2012) . In Central Europe, mowing usually reduces biodiversity of spiders (Cizek et al. 2012) , especially those species linked to litter (Cattin et al. 2003) . Our results does not support these observations, but the significantly higher number of individuals in mown plots can be explained by the vegetation structure and possible bias of the sampling method: tall vegetation with a thick layer of litter in unmown plots offers more space for movement of spiders. Thus, the probability that an individual will be captured in the pitfall trap is lower in unmown plots than in the mown ones.
In our experimental locality, in which, with the exception of experimental plots mown, the unmown plots can be considered as "islands" in mown "sea". From this point of view, the rate of differentiation of communities in mown and unmown plots might be related to the dispersal ability of the organisms under consideration.
Passive dispersal is usually possible for a distance of many kilometers in all selected groups but such dispersal offers no or little chance for an individual to actively select the target site (all seed dispersal of plants; passive transport of snails). In part, this is also true for ballooning of spiders and probably for aerial dispersal of ant queens. The ability to change and select habitats during their life time seems to play more important role in forming communities in our small experimental plots.
Plants commonly use passive seed dispersal mechanisms such as wind, water, and animal dispersal (e.g., Fenner 2000) . However, targeted placement of offspring by vegetative spreading has been demonstrated in our experimental locality (Macek and Lepš 2003) , in this case, dispersal distances not exceeding several centimeters. We have also observed that some species in this locality are able to spread vegetatively to longer distances (up to 1 m per year) by underground stolons (e.g., Lysimachia vulgaris, Carex hartmannii).
The rate of active dispersal of land snails is up to 0.1 km per year in case of large species, but smaller species disperse at a much slower rate. The majority of land snail species do not disperse more than 2-3 m per month and in the case of small species the dispersal rate does not exceed several tens of centimeters per year (Grimm and Paill 2001 , Kuźnik-Kovalska and Roksela 2009 , Popov and Kramarenko 2004 . Some species are reported to be dispersed passively, above all by humans (Aubry et al. 2006 , Baker 1988 ) and birds (Gittenberger et al. 2006 , Kawakami et al. 2008 , Rees, 1965 .
Queens of the majority of ant species are able to disperse for a distance of many kilometers (Gomez and Abril 2012, Goodisman et al. 2000) . Little is known about the selection of nesting sites by winged queens. Usually, queens fly to the mating place, break off their wings shortly after mating and continue to find the right place by walking (Hölldobler and Wilson 1990) . However, many queens that are captured in pitfall traps usually belong to species that do not live in that habitat (pers. observation; J. Frouz, pers. communication). This indicates that active site selection via flying is rather poor. During the lifetime of a colony, ants are able to move a whole nest, in the case of Myrmica ants, the dominant taxon on our plots, usually up to 2 meters (Elmes et al. 1998 ).
Spiders have the best individual active dispersal abilities within all studied taxa. Aerial dispersal of juveniles to a distance of many kilometers is common in the majority of species and both juveniles and adults can balloon in some taxa (e.g., Linyphiidae) (Duffey 1998 ). This dispersal is not active but individuals can balloon repeatedly until they find an optimal site. Moreover, adult spiders can further disperse by walking.
The grain of the mosaic was more than one order larger than the within-season active dispersal ability of most plants (i.e., vegetative dispersal is the main dispersal mechanism in the locality), and the differences were highly significant, whereas the vagility of spiders exceed the grain of the mosaic considerably, and only quantitative difference was found. The active dispersal abilities of snails and ants colonies lay between these groups as well as the differences between their communities. But -beside the active dispersal abilities -other factors (e.g., nutrition requirements or the ecophysiology) must play an important role. Mowing directly affects mainly plants, and so it changes their competitive equilibria (Lepš 1999) . Although in our case the abandonment of mowing causes a decrease in species richness of plants (and so it does not contribute to species coexistence in the mosaic), some plants still prefer the unmown plots (Lepš 2014) . For example, Lysimachia vulgaris usually does not flower in mown plots, and is much weaker there. It is then possible that its existence in mown plots is due to seed input and/or penetrating stolons from the unmown plot, and the mosaic contributes to its persistence there. Naturally, some endangered species can also prefer unmown meadows (Valkó et al. 2012) . Mowing also affects abiotic characteristics such as temperature and humidity. These factors are important for animals, either directly (e.g., via regulation of their development) or indirectly (e.g., via changing the availability of food). Differences in biodiversity may be more obvious in larger plots as it is known from literature cited above. It seems that leaving of small 2 × 2 m fragments of unmown plots in mown meadow might enhance the biodiversity in at least some groups of organisms. The results also show that various groups of organisms are affected differently by the same type of management; the same management (e.g., mowing, but it is true also for other management measures) that enhances biodiversity in one group might be detrimental for another group. Consequently, there is no ideal management suiting all types of organisms, and diversity and mosaic structure of landscape are probably important to maintain the biodiversity of various organisms. Our results show that also the small scale mosaic helps to maintain diversity in some groups of organisms.
